Objectives: This paper aims to describe the synthesis of a series of novel 5-substituted dihydropyrimidine derivatives using Fe-(III)-montmorillonite as an efficient and reusable catalyst.
8e15 Earlier, our research group synthesized different derivatives of benzofuran bearing the barbitone and thiobarbitone moieties, screened them for antimicrobial activity and completed a molecular docking study. 16 
Materials and Methods

Preparation of the Fe(III)-mont catalyst
Raw clay Na-mont was purchased from Kunipia F, Japan, and its cation exchange capacity (CEC) was approximately 113 meq./100 g. (20 g ) was mixed with a 1 M solution of FeCl 3 , and the reaction mixture was continuously stirred for 24 h. The formed clay was filtered, dried in a hot air oven at 40 C and stored in a desiccator until further use. 17, 18 Procedure for the synthesis of 5-substituted dihydropyrimidine derivatives Aldehyde (1 mmol) and barbituric/thiobarbituric acid (1 mmol) in ethanol with the Fe(III)-mont (50% w/w) catalyst were added to a solution of substituted acetophenones (1 mmol), and the reaction mixture was stirred for 7 h at 80 C. After reaction completion (monitored by TLC), the reaction mixture was cooled and poured into crushed ice. The product was extracted with ethyl acetate, dried and recrystallized using ethanol. . . 
Antibacterial and antifungal activity
The synthesized compounds were screened for their antimicrobial activity using the agar well diffusion method. 19 The antibacterial activity test was performed against the Gram-positive bacteria Streptococcus pneumoniae and Bacillus subtilis and the Gram-negative bacteria Escherichia coli and Pseudomonas aeruginosa. The antifungal activity was screened against three fungal strains, Phytophthora meadii, Candida albicans and Trichophyton rubrum. All of the bacterial and fungal strains were procured from NCL in Pune, India. The bacterial cultures were inoculated on nutrient agar, and the fungal cultures were inoculated on potato dextrose agar media. The test compounds were dissolved in DMSO at a concentration of 1000 mg/mL, and 100 mL of this sample were loaded directly into the wells of the agar plates. The plates inoculated with the bacterial strains were incubated at 37 C for 24 h, and the fungal strain cultures were incubated at 25 C for 72 h. Ciprofloxacin and fluconazole were used as the standard drugs for the antibacterial and antifungal activities, respectively. All determinations were performed in triplicate.
In silico molecular docking studies
The protein databank (PDB) coordinate file entitled '2XCT.pdb' was used as the receptor (protein) molecule. The file is a structure of Staphylococcus aureus gyrase in complex with ciprofloxacin and DNA. 20 The AutoGrid 4.0 Program, supplied with AutoDock 4.0, was used to produce the grid maps. 21 All of the AutoDock docking runs were performed on a Core i7 Intel processor CPU with 16 GB DDR3l RAM. The AutoDock Vina was compiled and run on the Windows 8.0 professional operating system. LigPlotþ 22 and PyMol 23 were used to render the pictorial representations of the interactions between the ligands and the target protein.
Results
We have developed a novel route for the synthesis of 5-substituted dihydropyrimidine derivatives using Fe(III)-mont as an efficient catalyst. The reaction of acetophenones, aldehydes and barbituric/thiobarbituric acid was first selected as the model transformation (Scheme 1) to optimize the reaction conditions. Initially, we synthesized compound 4a in the absence of a catalyst, but we only obtained low yields after a prolonged reaction time (Table 1) . Next, the reactions were carried out in the presence of the catalyst at different concentrations. With 5 w/w% of the catalyst, we obtained a considerable yield (40%) with a reduced reaction time of 13 h. Further increases in the catalyst amount from 5 to 10 and 25 w/w % further increased the yield (49 and 71%) and decreased the reaction time. When the amount of catalyst was increased to 50 w/w%, the product yield dramatically increased to 86%. However, when the catalytic amount increased to 75 w/w%, a reduction in the product yield (65%) and an increase in the reaction time were observed. Based on these results, we concluded that 50 w/w% of the catalyst gave the best product yield with the shortest reaction time. Using these optimized conditions, several 5-substituted dihydropyrimidine derivatives were synthesized, and the results are summarized in Table 2 .
We also investigated the regeneration of the catalyst at the end of the reaction (Table 3) . After reaction completion, the final compound was extracted with ethyl acetate, and the catalyst was retrieved. The catalyst regenerated from the reaction mixture was washed with H 2 O, dried and reused for a new reaction cycle. The efficiency of the catalyst with respect to the yield of compound 4b was 86, 62 and 44% for the first, second and third uses, respectively.
In vitro antimicrobial study
The newly synthesized compounds were screened for their antimicrobial activity. The results are tabulated in Table 4 , and the MIC values of the synthesized compounds are shown in Table 5 
In silico molecular docking study
The molecular docking study results are tabulated in Table 6 . The results show that compound 4k establishes three hydrogen bonds with Ser1085, Gly1082 and His1081 in the active site of the target protein with minimum bond lengths (3.09, 3.16 and 3 Å , respectively), and compound 4k has the highest affinity and, thus, the best dock conformation. Compound 4e establishes two hydrogen bonds with Ser438 and Asp437 with bond lengths of 2.98 and 3.06 Å . Compound 4c establishes one hydrogen bond with Asp437 with a bond length of 3.30 Å . Among the docked molecules, compounds 4c and 4k showed more hydrophobic interactions with the tested protein, while the other compounds showed minimal hydrophobic interactions. All of the docked molecules have zero root mean square deviation values, which indicate the true binding poses of the molecules with the protein. Figure 1 and Figure 2 represent the 2D and 3D interactions of compounds 4k, 4e, 4c and ciprofloxacin with gyrase (2XCT).
Discussion
A series of 5-substituted dihydropyrimidine derivatives was synthesized using the Fe(III)-mont catalyst. The catalyst significantly improved the synthetic methodology in terms of
Scheme 1: Synthetic route for target molecules. To correlate with the in vitro antimicrobial activity, in silico studies were conducted to predict the binding affinity and orientation at the active site of the receptor. The molecular docking of ligand molecules 4c, 4e and 4k with gyrase revealed that all of the tested ligand molecules showed encouraging binding energies and that the compounds bonded with one or more amino acids in the active pockets, as shown in Figures 1 and 2 . Among the docked molecules, compounds 4k and 4e were found to have the best docked confirmations with the lowest binding affinity (À5.5 and À5.8 kJ/mol). Figure 1: 2D representation of the interaction of compounds 4k, 4e, 4c and ciprofloxacin with gyrase (2XCT). 
Conclusion
In our study, we described a one pot synthesis of 5-substituted dihydropyrimidine derivatives via the reaction of substituted acetophenones, aldehyde and barbituric/thiobarbituric acid using ethanol as a solvent in the presence of Fe(III)-mont as a catalyst. After standardization of the procedure, we regenerated and reused the catalyst three times. The antimicrobial studies revealed that the compounds showed significant activity, and these results were supported by the in silico molecular docking study. Fe(III)-montmorillonite catalysed one pot synthesis
